Introduction the U.S. Department of Energy's Energy Information Administration, there were 10.7 million FFVs in use in 2012. FFVs are available in most vehicle classes, including sedans, minivans, trucks, and sport utility vehicles. The number of E85 fueling stations is also growing. As of August 2013, more than 2,300 retail stations across the country offered E85. More than 340 of these stations had blender pumps, which offer mid-level ethanol blends, such as E20 and E30.
Underwriters Laboratories Inc. (UL) has established standardized testing procedures for E10, E25, and E85 infrastructure. All fueling equipment manufacturers offer equipment that is UL listed for E10; many manufacturers offer equipment that is UL listed for use with blends up to E25 and/or equipment listed for use with blends up to E85. Stations dispensing E15 should use equipment listed for blends up to E25 or up to E85. EPA's Office of Underground Storage Tanks has developed guidance to inform station owners on how to meet federal code while storing E85. See Appendices A and D for detailed information.
There are several federal and state tax incentives to encourage the installation of E85 infrastructure and blender pumps. For a comprehensive list of these programs, visit the Federal and State Laws and Incentives section of the Alternative Fuels Data Center (AFDC) at afdc.energy.gov/laws. 1. Wang, M., Wu, M., Huo, 
energy and greenhouse gas emission impacts of different corn ethanol plant types."

A Note on Terminology: Flex Fuel and E85
"E85" is thought by many to denote a vehicle fuel containing 85% ethanol and 15% gasoline. However, the ethanol portion of the blend must contain, by law, at least 2% denaturant (a hydrocarbon or hydrocarbons in the gasoline boiling range). Therefore, E85 actually contains 83% ethanol at most. Furthermore, in cold weather conditions, a greater percentage of gasoline is required in the blend to ensure reliable starting and driveability. In the coldest weather, as much as 49% gasoline is needed. In most U.S. climate zones, 30% gasoline is sufficient for much of the year. The latest ASTM specification, D5798-13a, specifies where and when the four different classes of fuel for FFVs should be used. Because of this variation in the ethanol percentage, many in research and industry have begun using the term "flex fuel" in lieu of "E85."
Also known as ethyl alcohol or grain alcohol, ethanol (C 2 H 5 OH) is an oxygenated hydrocarbon compound. In the United States, it is produced primarily from corn. The starch contained in the corn is converted into sugar and fermented to produce ethanol. The remainder of the corn (fiber and germ) is used as feed for livestock. Ethanol can also be produced from cellulose contained in plant-based materials, including corn stalks, wheat stalks, other agricultural or forestry waste, and municipal waste. Several processes are currently being developed for cellulose-derived ethanol, including enzymatic and acid hydrolysis and thermal processes. Cellulosederived ethanol is expected to be a necessary component to meeting various state and national renewable fuel standards.
While ethanol for beverages and ethanol for fuel are produced through similar processes, fuel ethanol is "denatured" by adding a minimum of 2% hydrocarbons, such as natural gasoline, to make it unfit for human consumption.
Ethanol is a flammable, colorless liquid with a faint alcohol odor. The color of ethanol/gasoline blends depends on the color of the gasoline in the blend. Blends may also have a gasoline-like odor. Descriptive properties of fuel ethanol and E85 are listed in Table 1 . Table 2 compares the properties of E85 to those of ethanol and gasoline.
The chemical properties of ethanol must be accommodated to ensure proper engine performance, emissions, Ethanol and E85 Properties, Specifications, and Information Table 1 
. Properties of Fuel Ethanol and E85
Property Comment
Vapor Density
Ethanol vapor, like gasoline vapor, is denser than air and tends to settle in low areas. Ethanol/gasoline blends, including E85, should be treated like gasoline blends with respect to handling and safety.
Solubility in Water
Ethanol is extremely hydroscopic (i.e., attracts water). Water should be removed to the extent possible from fuel ethanol handling, storage, and distribution equipment. A small amount of water is soluble in E85, but at higher concentrations, the gasoline portion will separate from the ethanol/water mixture.
Energy Content
For identical volumes, ethanol contains approximately 30% less energy than gasoline, depending on the gasoline formulation. As a result, vehicle fuel economy of E85 can be expected to be reduced by about 25%, depending on the gasoline formulation and the individual vehicle.
Flame Visibility A fuel ethanol flame is less bright than a gasoline flame but is easily visible in daylight.
Specific Gravity Pure ethanol and ethanol/gasoline blends are slightly denser than gasoline.
Conductivity
Ethanol and ethanol blends have increased electrical conductivity compared to gasoline. This can affect materials compatibility due to increased corrosion of certain metal junctions and exposed electrical connections.
Air-Fuel Ratio
Due to the oxygen content in ethanol, the ideal, or "stoichiometric," air-fuel ratio for E85 is a lower value than it is for gasoline (i.e., fewer pounds of air per pound of fuel). FFVs are designed to detect ethanol and properly adjust the air-fuel ratio.
Toxicity
Pure ethanol in small amounts is not toxic and is not considered carcinogenic; however, fuel ethanol and ethanol/gasoline blends must be treated as toxic and carcinogenic due to the addition of hydrocarbons and gasoline.
Flammability
Depending on the hydrocarbon blending component, the vapor concentration in the storage tank head space of many E85 blends can fall into the flammable range. This is a concern primarily at low ambient temperatures.
fuel economy, and driveability under all operating conditions. Ethanol vaporizes at a lower temperature and within a narrower temperature range relative to many of the hydrocarbons in gasoline. To ensure proper cold-temperature start-up and warm-up operation in all regions of the United States during all seasons, ethanol is blended with hydrocarbons (typically gasoline) that are more volatile than ethanol.
Because of the lower energy content per gallon of ethanol relative to gasoline, vehicle fuel economy on E85 is typically about 25% less compared to gasoline (measured in miles per gallon). E15 and other blends have a proportional impact on fuel economy.
Most transportation fuel sold in the United States is manufactured to ASTM specifications. ASTM International is a voluntary consensus standards organization that creates and maintains fuel quality specifications established by committees composed of vehicle and engine manufacturers, fuel system equipment manufacturers, fuel producers, fuel users, and other interested parties, such as fuel quality regulators. ASTM standards are recognized by federal and most state government agencies as the primary means of ensuring fuel quality.
EPA and most states have passed regulations that require gasoline to meet all or a portion of the ASTM gasoline guidelines. Various specifications for ethanol, E85, and denaturant are available in Appendix B.
Ethanol Blends
E85
The properties of ethanol for E85 and other ethanol blends must meet ASTM D4806. The ASTM specification for E85 is ASTM D5798 "Specification for Ethanol Fuel Blends for Flexible-Fuel for Automotive SparkIgnition Engines" (see Table 3 ). The ethanol content of E85 is seasonally adjusted to improve vehicle cold-start and warm-up performance. The ethanol content can range from 51% to 83% by volume. Much like gasoline, the volatility of E85 is also adjusted seasonally and geographically by volatility class for vehicle cold-start and warm-up performance by increasing the proportion of light hydrocarbons during colder months. The seasonal and geographical volatility classes are determined by ASTM and contained in ASTM D5798. (A complete breakdown of geographical and seasonal volatility classes can be found in Appendix C.) The octane of E85 is much higher than that of gasoline, ranging from 95 to 97 [(R+M)/2], depending on its hydrocarbon content.
E15
EPA defines E15 as gasoline blended with 10.5% to 15% ethanol. In 2011, EPA approved E15 for use in model year 2001 and newer conventional vehicles, through a Clean Air Act waiver request based on significant testing and research. 2 Stations are not required to sell E15.
Vehicles approved for E15 use:
• FFVs
• Model year 2001 and newer conventional cars, lightduty trucks, and medium-duty passenger vehicles.
Vehicles prohibited from using E15:
• All motorcycles
• All vehicles with heavy-duty engines, such as school buses, transit buses, and delivery trucks
• All off-road vehicles, such as boats and snowmobiles
• All engines in off-road equipment, such as lawnmowers and chain saws
• All model year 2000 and older conventional cars, light-duty trucks, and medium-duty passenger vehicles.
There are several requirements and regulations that service stations must adhere to when selling E15. These requirements and regulations were determined by EPA. The most significant requirements are implementation of a misfueling mitigation plan (MMP) and registration for the annual fuel survey. Misfueling is a concern for vehicles older than model year 2001, and an MMP reduces the risk of misfueling.
EPA requires an annual fuel quality survey that checks for ethanol content. This survey is conducted by an independent third party and includes random sampling at stations. Any retail station may be sampled regardless of the fuels it offers. For stations selling E15, Reid vapor pressure is checked, as is the presence of required labels on the dispenser. Unacceptable results from this survey may cause a Possible Non-Compliance notice. Any station receiving a Possible Non-Compliance notice must respond to EPA.
Requirements to offer E15:
• Fuel producers that sell E15 are required to individually register with EPA (many have already done so).
• Retail stations must have an EPA-approved MMP if blending E15. The Renewable Fuels Association (RFA) provides a model MMP to any station wishing to sell E15. 3 -An EPA-approved E15 label must be affixed to the dispenser.
-Product transfer documents must accompany all deliveries of fuel for E15 use.
-The retail station must participate in the fuel quality survey; register at www.rfgsa.org.
• Ethanol used for E15 must meet ASTM D4806-10; Reid vapor pressure is limited to 9.0 psi in the summer.
• Stations must use dispenser and hose configurations that have been approved by EPA. Options include the following:
-A dedicated E15 hose; or -A shared E0/E10/E15 hose, which requires a purchase of four gallons minimum ("four gallons minimum" label must be displayed), or at least one dedicated E10 hose.
Use only in 
E15
Up to 15% ethanol 
A T T E N T I O N
Blender Pumps
Blender pumps are fuel dispensers that draw fuel from two separate bulk storage tanks and can dispense preprogrammed blends of those fuels into vehicles. Many stations already use blender pumps to create midgrade gasoline from a blend of regular and premium gasoline. In ethanol applications, blender pumps allow station owners to blend E85 with conventional gasoline to create mid-level ethanol blends. ASTM has developed a standard practice for blending mid-level ethanol fuels for FFVs. 5 Blender pumps offer FFV owners a variety of ethanolblended gasoline products between E15 and E85. E20 (20% ethanol, 80% gasoline) and E30 (30% ethanol, 70% gasoline) are most common. Stations offering blenderpump blends to FFV owners are concentrated in the Midwest. As of March 2013, about 345 stations offered mid-level ethanol fuels through blender pumps. Blender pumps may also be used to legally dispense E15. 
Hydrocarbons
Unleaded gasoline is typically used to blend E85, but higher-volatility components such as natural gasoline (a high-volatility, low-octane liquid byproduct of natural gas production) can also be used to meet ASTM volatility requirements. These requirements serve to reduce the occurrence of flammable vapor regimes (and explosion hazard) in fuel tanks.
Because of the different types of hydrocarbon components used in E85, its range of vapor flammability in tanks is wider than that of gasoline. The National Renewable Energy Laboratory (NREL) compared the fuel tank headspace flammability of seven E85 fuel blends, two gasoline samples, and denatured ethanol. 6 Headspace vapors for the two gasoline samples became flammable when the temperature dropped to approximately -19°C (-2°F) and -25°C (-13°F) or lower. 
Fuel Additives
According to EPA regulations, all commercial grades of gasoline must contain specified levels of additives, detergents, and corrosion inhibitors. ASTM D5798 does not provide specific levels of denaturant, corrosion inhibitor, or deposit control additives. Ethanol production plants add a corrosion inhibitor at a level that assumes the ethanol will be blended as E10; this level of corrosion inhibitor exceeds what is needed for E85. 7 Detergents or deposit control additives may be needed to ensure deposits do not form in the vehicle fuel injection system. Blenders or terminals should engage additive manufacturers to determine whether the additives will remain soluble with various concentrations of ethanol and gasoline. 
Fuel Quality
Materials Recommendations
As with all motor fuels, it is important to maintain proper fuel handling and housekeeping practices to minimize contamination. Certain materials commonly used with gasoline may be incompatible with mid-and high-level alcohol blends. 9, 10 Some materials may Results; National Survey of E85 Fuel Quality; Fuel Permeation; Ethanol Effects on Exhaust Emissions; 
Ethanol Production, Blending, and Distribution
• Ethanol is produced at an ethanol plant. Prior to being transported, the fuel must be denatured by adding approximately 2% hydrocarbons, such as natural gasoline, to render it unfit for human consumption. A corrosion inhibitor is also added.
• The denatured ethanol is transported by rail, truck, or barge to the fuel supplier.
• Denatured ethanol is dispensed into the fuel supplier's ethanol storage tank in the same manner as gasoline and diesel fuel.
• A fuel carrier orders a tanker of E85.
• The fuel carrier delivers E85 to the retail fuel marketer for sale to the public.
degrade over time, potentially leading to equipment problems. They may also contaminate the fuel, which may adversely affect vehicle fuel system operation or cause component malfunction and lead to degraded driveability and performance.
Ethanol blends may impact metallic and elastomer materials in fueling systems. To address these issues, manufacturers have upgraded materials and developed products that are compatible with blends up to E25 or with blends up to E85. Many elastomer materials have been changed in fueling equipment to accommodate a range of fuels (including ethanol blends and ultra-low sulfur diesel) and in anticipation of additional alternative fuels entering the market. Only ethanolcompatible materials should be used in storage and dispensing systems.
E85 acts like a cleaning agent and will initially mobilize sludge in storage tanks. E85 can also cause corrosion of some soft metals and reduce the tensile strength of some nonmetallic materials. Zinc, brass, lead, and aluminum have shown sensitivity to degradation with E85. Terneplated steel (lead-tin alloy coating), which has been commonly used for vehicle fuel tanks, and lead-based solder are also incompatible with E85. Use of these metals should be avoided. Unplated steel, stainless steel, black iron, and bronze have shown acceptable resistance to E85 corrosion. Blends below E25 do not cause corrosion of metals.
Nonmetallic materials that degrade when in contact with fuel ethanol include natural rubber, polyurethane, cork gasket material, leather, polyvinyl chloride, nylon 6/6, methyl-methacrylate plastics, and certain thermoplastic and thermoset polymers. Blends below E25 may impact elastomers, and contact with E85 causes some elastomers to swell. Nonmetallic materials successfully used for transferring and storing ethanol include thermoset-reinforced fiberglass, thermoplastic piping, and thermoset-reinforced fiberglass tanks (as listed for this application by UL). 
Storing and Dispensing Ethanol Blends
Like gasoline, alcohol-based fuels are liquid at ambient pressures and temperatures. The equipment used to store gasoline and diesel fuels is the same equipment used for alcohol-based fuels, with modifications in some materials. Above-ground dispensing equipment must be designed specifically for ethanol blends.
Although fuel-related vehicle problems due to ethanolblended gasoline are rare, most recent problems have been related to contaminated fuel. Consequently, choosing the right materials for fuel storage and dispensing systems and following proper fuel-handling procedures are crucial for proper vehicle operation. This handbook provides checklists detailing key items to consider when adding or converting equipment to dispense E15 and E85 (pages 19 and 21).
Most vehicles in the United
In addition to the information provided in this document, the U.S. Department of Energy has compiled a collection of case studies documenting successful implementation of ethanol fueling infrastructure. 13
Using Existing Fueling Systems Tanks
In many cases, existing gasoline and diesel fuel systems may also be used to store ethanol blends. conditions likely to be encountered. Product piping, including that within the dispensers, is considered part of the UST or AST system and needs to be compatible with the substance stored and dispensed through it. The guidance in American Petroleum Institute (API) publication 1626, "Storing and Handling Ethanol and Gasoline Blends at Distribution Terminals and Service Stations," may be used to comply with the compatibility requirements in the regulations.
As part of the planning process for any fuel storage system, local building and fire codes must be checked. While E85 and ethanol blends fall under the same handling and storage requirements as gasoline within the provisions of National Fire Protection Association (NFPA) Standards 30 and 30A, local fire provisions and regulations must be considered, including the use of ULlisted dispensers. The International Fire Code (IFC) also provides codes for fuel storage. For more information, see the Safety Codes section of this handbook (page 17).
Aboveground Tanks: Steel ASTs are used to store E85 and can also be used to store E15. ASTs are typically constructed of stainless steel or carbon steel. The use of galvanized metal tanks or plastic tanks is not recommended. It is important to check with local and national fire codes to determine appropriate tank construction. Many jurisdictions will require two-hour fire-rated tank technology to dispense fuels from ASTs into motor vehicles. The construction of the tank may determine where the dispenser can be mounted and how close the tank can be to nearby buildings and property lines.
Cleaning Tanks: Tanks previously used for storing other types of fuel may be used for E85 if the tank is properly cleaned first. During storage, debris and moisture can build up over time to form sludge or "water bottoms." Because ethanol is soluble in water, when E85 or another ethanol blend is introduced to a previously used petroleum fuel storage tank, the ethanol will mix with the water bottoms, and the solvent action of ethanol will remove any sludge buildup and contaminate the fuel. More than 25 years of experience in handling lowlevel ethanol blends has helped industry understand how to address the accumulation of debris and water in the fuel distribution and storage system. However, proper housekeeping procedures should be instituted to limit debris and water contamination.
There are several methods for cleaning sludge from storage tanks, which are listed below. It is possible to inspect a tank prior to cleaning using a camera with a remote that is inserted into a tank. It is important to note that all of the methods should be completed by a qualified company familiar with cleaning petroleum storage tanks. • Optic Sweep: This patented system uses a fiber optic camera and controllable probe with an extraction device that can visually inspect and clean fuel storage tank bottoms at any fuel level with no tank downtime. The optic sweep can locate and remove water, sludge, bacteria, rust particles, and sediment while customers continue to pump.
• Steam Cleaning: A person physically enters the tank, steam cleans it, and removes sludge. Care must be taken to properly dry the tank.
• Filter Agitator: An agitating device is lowered into the tank. The fuel and any debris are agitated and circulated. A filtration system removes the suspended debris.
• Chemical Solvents: Chemical solvents are used to remove scale and debris. Liquid and debris are then pumped from the tank and disposed of.
Choosing the appropriate cleaning technique will depend upon the type of fuel that has been stored in the tank, availability of the service, and state and local environmental regulations.
General Storage Considerations: Many of today's new service station owners install large ethanol-compatible USTs with several compartments built into the tanks. The compartments allow several fuel products to be stored and dispensed.
UST installations are normally intended to be permanent, whereas ethanol fuel blend ASTs can be installed as an addition to an existing fueling facility or as new storage for fleets on private property, with an ability to be relocated. ASTs are usually smaller than USTs when used for ethanol fuel blends, with the installed capacity dependent on the demand anticipated.
UL Listing
Authorities having jurisdiction (AHJs) and permitting offices typically require UL-listed fueling equipment. UL developed Subject 87A for testing fuel dispensers, hanging hardware, and other related equipment with ethanol blends above E10 (covered by the older standard, UL 87). Development of 87A included fuel exposure for 15 weeks at elevated temperature, followed by performance testing. The tests were originally developed for E85 equipment but were amended with an additional test fluid of E25 to also address needs for equipment to accommodate blends up to E25. Notably, UL lists the blending mechanism in blender pumps, in addition to the pump itself. and introduction of contaminants into the fuel. Table 5 shows dispensers listed for use with E85. Manufacturers of E10-listed dispensers include E15 as an allowable fuel in their two-year standard warranties. UL-listed E25 dispensers are expected in 2013; they will be less expensive than E85 dispensers, as specialized metals are not required.
Hanging Hardware
The hanging hardware consists of the nozzle, swivel, hose, whip hose, and breakaway. Table 6 shows hanging hardware listed for use with E25 and E85. Stations dispensing blends over E10 should purchase and install UL-listed hardware for up to E25 or up to E85 (depending on the fuel dispensed). UL 87A also covers submersible turbine pumps, which convey fuel from the tank to the dispenser, and shear valves, which cut off the flow of the fuel if there is an incident with a dispenser. A complete list of UL-listed ethanol equipment is available in Appendix D.
As previously noted, components made from zinc, brass, lead, aluminum, or other soft metals should be avoided when dispensing E85. Fuel ethanol may degrade such soft metals, which may cause leaks and contaminate the fuel, leading to deposits in the vehicle fuel system and possibly impairing vehicle performance and causing safety concerns.
Other Equipment Fill Pipes and Associated Equipment
Fuel enters the UST dispensing system from the fuel delivery truck through a fill pipe, using a drop hose. Ethanol-compatible drop hoses are available from several manufacturers. Fuel enters ASTs through a pump. In recent years, many component manufacturers have converted gaskets, tubes, adapters, and piping to be compatible with ethanol-blended gasoline and E85. Anodized coatings or components made of cast-iron or stainless steel are available for use with E85.
Pumps and Leak-Detection Equipment
Pressurized and suction fueling systems require different types of leak-detection equipment. Suction systems have a pump within the fuel dispenser, while pressurized pumps push the fuel from the tank to the dispenser. Typically, pressurized systems require both continuous and periodic leak detection tests, as well as other line tightness testing. If a suction system has a check valve solely at the dispenser, leak detection testing may not be required, and possibly, fewer line tests will be required. 
Fuel Filters
The dispenser filter is the last line of defense before the fuel reaches a vehicle's tank. Typically, a 30-micron filter is used with diesel fuel, and a 10-micron filter is used with gasoline and low-level ethanol blends. E85 and blender pump dispensers should have filters with a nominal rating of 50% for particles 5 microns or larger and an absolute rating of 99% for particles 10 microns or larger. These ratings mean the filter can capture the given percentage of the particles of the stated size.
Multi-pass testing recently replaced previous rating methods and is recognized by SAE International and other industry organizations. Multi-pass testing is used to count the number of particles of a given size before and after fluid passes through a filter. From these measurements, a Beta ratio is formulated by dividing the number of particles upstream by the number of particles downstream. E85 and blender pump dispenser filters should have a Beta ratio of 100 for 10-micron particles and a ratio of 2 for 5-micron particles.
Fittings and Connectors
To avoid degradation, all fittings, connectors, and adapters that will be in contact with the fuel should be made of materials such as stainless steel, black iron, or bronze. If aluminum or brass fittings are used, they must be nickel-plated to avoid any contact between the bare metal and the fuel, to avoid corrosion. The surface plating should be inspected periodically for evidence of degradation.
E85 Labels
E85 labels should be placed on fillboxes and fillbox covers in one of the following ways:
• Paint the decal on the top of the fillbox cover or on the rim of the fillbox
• Attach a tag to the fillpipe adapter
• Screw a tag into the fillbox rim
• Fit a plastic or fiberglass insert into the rim of the fillbox.
In addition, the Federal Trade Commission requires that a small sticker be placed on the face of the fuel dispenser as close as possible to the price per unit of fuel.
E15 Labels
Per EPA, an E15 label must be placed on the upper two-thirds of a dispenser. If the dispenser has one nozzle, the E15 label must be placed above the button or control for selecting E15. For a multi-hose dispenser, the label must be placed where it is immediately visible to the consumer. If a common hose is used to dispense E0, E10, and E15, the four-gallon minimum sign must be posted on the dispenser. 
Signs and Labels
Use only in Following the installation of an E15, E85, or blender pump dispenser, several operational precautions can help assure fuel quality. Periodically checking the fuel properties will avoid damage to vehicles. Some of these checks may be performed in the field, but others may require the services of a specialized laboratory. At a minimum, the following items should be checked every one to two months, depending on how frequently the station is used:
• Electrical conductivity (see Appendix E)
• Particulate content
• Hydrocarbon content (see Appendix E)
• Water content
• Reid vapor pressure.
Shipping Procedures
Your fuel provider may be able to recommend a laboratory in your area that can perform periodic fuel quality analysis. To safely and legally ship a sample of fuel, follow all hazardous material shipping requirements and include the following information on the outside of the package:
• Be sure to use ethanol-compatible shipping containers, including the box holding the container, specifically designed for this purpose.
Ethanol Blend Quality Assurance Safety Procedures Health Considerations
Fuel ethanol should be handled in the same manner as gasoline. Personal exposure should be minimized. Like gasoline, fuel ethanol is flammable and may contain additives that can be harmful even with casual contact.
Fuel ethanol is poisonous and should not be ingested.
In case of exposure, contact medical personnel immediately
Exposure to fuel ethanol can occur by inhalation (breathing in its vapors), absorption (contact with the skin or the eyes), or ingestion (swallowing). The various symptoms of exposure to fuel ethanol are shown in Table 7 on page 17.
Fire Safety Considerations
Fuel ethanol fires require specific equipment, materials, and training. In 2007, the Ethanol Emergency Response Coalition sponsored fire-fighting agent testing using the UL 162 test methodology. The results showed that conventional gasoline fire-fighting methods and chemicals are insufficient for fighting fires fueled by ethanol blends higher than E10. Only foams containing an alcoholresistant polymer should be used, and only foams classified as AR-AFFF passed all UL requirements. These recommendations should be applied to all ethanol blends, including low-level blends such as E6 and E10, E15, and high-level blends such as E85.
Before constructing any fueling installations, the local fire marshal should be consulted to determine local regulations governing safe fuel ethanol handling procedures. If E85 is used in a conventional vehicle, fuel system materials and components may be affected over time and lead to leaks. Driveability, performance, and emissions may also be affected, and the OBD system may trigger the service engine light and set diagnostic codes related to lean engine operation. Notify your installer to review the applicable codes (generally NFPA 30A or IFC 2012), then contact the local authority having jurisdiction (AHJ), usually the building code office or local fire marshal, to determine whether there are any local code issues that should be addressed.
Notify the nearest fire department (and/or local first responders) that the site will soon be dispensing alcoholblended fuels. Verify that fire extinguishers and other on-site safety equipment (necessary to respond to leaks, spills, fires, etc.) are ethanol compatible.
Use Underwriters Laboratories (UL)-listed equipment (required by OSHA for dispenser, breakaway, and nozzle) or obtain a waiver from the local AHJ:
• Dispenser system (UL 87A); available for both E85 and blender pumps
• Fill hose, dispensing nozzle, swivel, and breakaway
• Emergency shut-off valves
• Pumps
• Leak-detection devices
• All other piping, equipment, and materials must be approved by the manufacturer for its intended use and be compatible with EPA regulations, 40 CFR 280, and applicable guidance.
Use a 5-10-micron alcohol-compatible dispenser filter. Do not use 10-micron gasoline or 30-micron diesel filters.
Do not store or use denatured ethanol or any gasoline/ethanol blend with more than 85 percent ethanol by volume at a retail facility.
Calibrate the dispenser meter at the time of conversion or new installation and two weeks later to verify meter accuracy with E85.
Label the dispenser with all E85 logos, cautionary labels, and trade commission decals. Use nozzle covers stating that E85 is not gasoline or diesel. Add logos for blender pump fuels, and indicate that they are for FFVs only. Consider using hangtags, pump toppers, and other signage to educate your customers. Price sign inserts, curbside signs, and decals are available from industry associations.
Train site operators and emergency response personnel responsible for this location on ethanol fuel safety procedures and the differences relative to gasoline.
Underground Tanks
Notify your licensed installer (some states do not require installers to have a license) and the state underground storage tank (UST) program of your intent to dispense E85. Print a copy of the statement of compatibility from your tank manufacturer (see Appendix A for tank compatibility and links to letters).
Checklist continued on next page.
Notify your UST insurance carrier to determine whether it has additional requirements for E85 fuels.
Obtain an amended insurance certificate showing coverage of E85 storage and dispensing.
In the case of a conversion, clean the tank of all water and sediment. Ensure no water is present, to protect the quality of your ethanol-blended fuels and your customers' vehicles (see API Publication 2015, "Cleaning Petroleum Storage Tanks," and NFPA 326, "Standard for the Safeguarding of Tanks and Containers for Entry, Cleaning, or Repair," 2010 Edition).
Ensure all visible fittings and connections at the top of the tank are tight (no vapors escape, and no water enters).
Ensure the sump and spill containment covers will prevent water from entering the system. Identify the E85 fill port and paint the access cover according to API RP 1637. Make certain transport drivers cannot make fuel deliveries to the wrong fill pipe.
As a precaution to address residual sludge and gum deposits that will be dissolved by ethanol, industry recommends the tank to be filled to 80% of capacity and kept as full as possible for seven to 10 days. The residual impurities will be more diluted in a larger quantity of E85, reducing the risk of vehicle problems. This practice is also likely to expose any problems related to sludge and gum deposits during the initial inspection period.
Conduct a precision test of the tank system (0.1 gallon/hour leak rate) with an automatic tank gauging system within seven days after the tank is filled, to confirm the integrity of the system and that the leak detection equipment is operating properly. Report any fail results as required by the AHJ.
Maintenance
Check for water regularly. Ensure that no water is contaminating your fueling system. If water is suspected or detected, track down its source and fix the problem immediately. The best way to guard against contamination is to properly clean and maintain the fueling system. Confirm no leaks exist in the tank fill cap and containment reservoir before beginning your E85 operation.
If the product seems to pump slowly, check and replace filters. Persistently clogged filters could indicate moisture or another source of contamination.
If installing a blender pump, ensure that the ethanol content is updated in the control system as the percentage changes according to geography and season.
Checklist for Dispensing E15
Contact marketing/branding and state your intention to sell E15.
Contact your insurance company to determine any requirements impacting coverage related to E15 sales.
Adopt the RFA E15 Misfueling Mitigation Plan, as approved by EPA. 24 Register for the RFG Survey Association's E15 retail survey at www.rfgsa.org.
Dispensing Equipment
EPA has approved the following dispenser hose configurations for dispensing E15:
• Dedicated E15 hose
• Common E15/E10/E0 hose; this configuration includes additional requirements:
-Minimum 4 gallon purchase (label required); or -At least one fueling position with a dedicated E10 hose.
Use Underwriters Laboratories (UL)-listed equipment or obtain a waiver from the local AHJ:
• Dispenser retrofit kits are available from Gilbarco, allowing E15 to be sold in existing dispensers. The Encore E25 Retrofit Kit includes a meter and valve assembly that enables easier installation. Wayne retrofit kits are expected in late 2013.
• Purchase and install E25-listed fill hose, dispensing nozzle, swivel, and breakaway (see Appendix D).
• All other piping, equipment, and materials must be approved by the manufacturer for the intended use.
Calibrate the dispenser meter at the time of conversion or new installation and two weeks later to verify meter accuracy with E15.
Label the dispenser with the required EPA E15 label; if E10 and E15 are dispensed from the same hose, add a label stating the four-gallon minimum fueling volume. Consider using hangtags, pump toppers, and other signage to educate your customers. Price sign inserts, curbside signs, and decals are available from industry associations, including the Blend Your Own website (www.byoethanol.com or www.ethanolretailer.com).
Underground Tanks
Notify your licensed installer (some states do not require installers to have a license) and the state underground storage tank (UST) program of your intent to dispense E15. Print a copy of the statement of compatibility from your tank manufacturer (see Appendix E to determine compatibility of tanks and find links to letters).
Obtain an amended insurance certificate showing coverage of E15 storage and dispensing.
If storing E85-blended E15, refer to the Checklist for Installing E85 (page 19). Table B5 .
Natural Gasoline Specifications and Test Methods
These specifications state the required properties of natural gasoline. Natural gasoline is a mixture of liquid hydrocarbons extracted from natural gas, composed principally of pentanes and heavier hydrocarbons, although varying amounts of butanes may be included, depending on the commercial grade.
Natural gasoline is defined further for commercial purposes by the following: Appendix C: Seasonal and Geographical Volatility Classes for E85 (ASTM D5798) Helix Series, Models H, followed by N or W, followed by LM or LU, followed by 1, 2, 3, or 4, followed by 1, 2, 3, 4, or 5, followed by 1, 2, 3, or 4, followed by 1 or 2, followed by P and/or R, V. 
Gasboy
Benefits
Energy security: About three-quarters of U.S. petroleum demand is in the transportation sector. Approximately 45% of U.S. petroleum is imported. Depending heavily on foreign petroleum supplies puts the United States at risk for trade deficits and supply disruptions. RFA's 2012 Ethanol Industry Outlook calculated that in 2011 the ethanol industry replaced the gasoline produced from more than 485 million barrels of imported oil. E85 can be an effective option to reduce gasoline use: Figure 3 illustrates that, with a petroleum energy ratio of 0.1, ethanol produced from either corn or cellulose is an effective option for reducing petroleum fuel use.
Contribution to the economy: According to RFA, the ethanol industry contributed $43.4 billion to the U.S. gross domestic product and $30.2 billion to household income in 2012; the industry directly employed 87,000 U.S. workers.
Positive energy balance: Much less fossil energy is required to produce ethanol than to produce gasoline. Ethanol has a positive energy balance when production is evaluated in terms of fossil energy use. The energy balance (the ratio of energy in the fuel to energy required to produce it) of any fuel, including gasoline, will always be less than one. In evaluating the energy balance of a fuel, the type of energy used for production, as well as the amount of energy used, must be considered. Figure 3 illustrates that the production of ethanol from corn has a positive energy balance: Only 0.74 Btu of fossil energy from petroleum, natural gas, and coal are required to produce 1 Btu of energy contained in ethanol. Although 1.75 Btu of total energy is required, 60% of that energy comes from sunlight captured through photosynthesis during corn plant growth. Lower greenhouse gas emissions: On a life-cycle basis (including fuel production and distribution), E85 made with corn ethanol reduces carbon dioxide emissions by 19% relative to gasoline. When ethanol is made from cellulose materials, such as corn and wheat stalks or forestry waste, it can reduce greenhouse gas emissions by 86%. 1 Emissions reductions of some regulated toxics: Exhaust emissions from the combustion of gasoline contain small amounts of regulated toxics, such as benzene and 1,3-butadiene. Use of E85 can substantially reduce emissions of these toxics. Acetaldehyde emissions from the combustion of E85 are higher than those of gasoline, but acetaldehyde is much less toxic than benzene and 1,3-butadiene.
Use of existing fueling infrastructure: Most existing tanks are compatible with E85 (see Appendix A). ULlisted E85 dispensers and hanging hardware, as well as other types of equipment, are available (see Appendix D). Ethanol is currently shipped to distribution terminals via trucks and rail cars. Due to ethanol's affinity for water, only small batches are shipped via existing petroleum fuel pipelines.
Limitations
Lower fuel economy: A gallon of ethanol contains less energy than a gallon of gasoline, resulting in lower fuel economy. According to EPA estimates, the fuel economy of today's FFVs is 20% to 30% lower when running on E85, relative to its fuel economy on gasoline. Reductions in fuel economy are proportional to the percentage of ethanol in the fuel. Use the "Find a Car" tool on FuelEconomy.gov 2 to view side-by-side fuel economy estimates for E85 and gasoline operation for individual FFV models.
Limited availability: In many locations, E85 and other ethanol blends are much less widely available than gasoline. However, the number of stations has increased dramatically during the last decade. As of April 2013, there were more than 2,300 stations selling E85 in the United States, compared to approximately 156,000 conventional gasoline stations. Federal and state incentives are available to help stimulate E85 fueling infrastructure development. 3 The successful establishment of several hundred E85 stations in Minnesota's Minneapolis-St. Paul metropolitan area has demonstrated the potential for E85 infrastructure growth in major U.S. cities.
Vehicle modifications: Substantial modifications to conventional vehicles are necessary to provide flexiblefuel capability. Modifications typically consist of fuel system material and component upgrades, as well as additional software, engine calibration, and engineering to meet emission, fuel economy, and performance requirements.
Misfueling: As E15 and E85 become more widely available, with attractive retail pricing, the risk of misfueling increases. E15 is not approved for use in conventional vehicles older than model year 2001. Only FFVs can use ethanol blends higher than E15. EPA has issued a misfueling mitigation rule to address potential E15 misfueling in the marketplace. Misfueling may result in some short-and long-term vehicle fuel system component failures and driveability complaints. The risk of misfueling reinforces the need for prominent signage at fueling stations.
